Recently fled asylum seekers generally live in stressful conditions. Their residency status is mostly insecure and, similar to other immigrants, they experience stress due to acculturation. Moreover, they often suffer from traumatization and posttraumatic stress disorder (PTSD). All of these factors can result in chronic maladaptive biological stress responses in terms of hyper-or hypocortisolism and, ultimately, illness. We believe the current study is the first to compare hair cortisol concentration (HCC) of recently fled asylum seekers with PTSD to those without PTSD, and to compare HCC of asylum seekers to HCC of permanently settled immigrants and non-immigrant individuals. HCC of the previous 2 months was compared between 24 asylum seekers without PTSD, 32 asylum seekers with PTSD, 24 permanently settled healthy Turkish immigrants and 28 non-immigrant healthy Germans as the reference group. Statistical comparisons were controlled for age, sex and body mass index. No significant difference in HCC was found between asylum seekers with and without PTSD. However, the asylum seekers showed a 42% higher HCC than the reference group. In contrast, the permanently settled immigrants exhibited a 23% lower HCC than the reference group. We found relative hypercortisolism in recently fled asylum seekers, but no difference between persons with and without PTSD. These findings add to the very few studies investigating HCC in groups with recent traumatization and unsafe living conditions. Contrary to the findings in asylum seekers, permanently settled immigrants showed relative hypocortisolism. Both hyper-and hypocortisolism may set the stage for the development of stress-related illnesses.
INTRODUCTION
Over the past few years, more than 60 million individuals have been forcibly displaced worldwide, 1 including persons displaced within a country, refugees and asylum seekers. Most flee in order to escape from situations threatening their own lives or the lives of their family members through armed attacks, torture or sexual violence. Moreover, the severe traumatic events experienced in the home country are often compounded by traumatic events during the highly risky process of fleeing. Even in secure host countries, refugees applying for asylum (asylum seekers) experience insecure living conditions (for example, an uncertain future) and post-migration living difficulties such as language problems, ethnic discrimination, being separated from family members and having limited access to health care services, which cumulatively add to a generally high stress level. [2] [3] [4] [5] Considering the very stressful living conditions of asylum seekers and the negative impact of chronic stress on mental and physical health, 6, 7 it is imperative to investigate biological markers of stress and impaired health in asylum seekers. 8 The hypothalamic-pituitary-adrenal (HPA) axis, with cortisol as its main end product, 9 is frequently discussed as the underlying biological link between the experience of stress and the manifestation of illness. 10 However, there is a general lack of studies investigating HPA axis activity in asylum seekers. The very few studies that measured cortisol in the blood, urine or saliva of asylum seekers yielded inconsistent findings. For instance, Bauer et al. 11 and Rohleder et al., 12 found lower cortisol concentrations in serum 11 and saliva 12 in comparison to healthy controls, but not in urine. 12 In contrast, Sabioncello et al. 13 found higher serum cortisol levels in displaced women in comparison to a nondisplaced control group. However, these studies differ in their methodological approaches and the investigated sample characteristics. Moreover, they allow only limited conclusions about longer-lasting HPA axis activity due to their rather short-term assessment of cortisol. Considering the cumulated threatening events and ongoing insecure living conditions of asylum seekers, a long-term measure of cortisol might be more appropriate to reflect the accompanying biological alterations. Hair cortisol concentration (HCC) provides such a long-term measure as it allows the retrospective assessment of cumulative cortisol secretion over a time period up to several months. 14 The investigation of cortisol in asylum seekers is further complicated by the high prevalence rates of posttraumatic stress disorder (PTSD) in this group. [15] [16] [17] The few existing studies on HCC in traumatized persons with or without PTSD showed inconsistent results. Steudte et al. 18 found increased HCC in severely traumatized Ugandan individuals with PTSD compared to traumatized individuals without PTSD. These individuals were still in an insecure situation (living in a camp for internally displaced people) and their traumatic experiences had occurred only recently. Similarly, Luo et al. 19 found increased HCC in victims of a recent earthquake in comparison to non-exposed individuals. However,~6 months after the earthquake, this effect was reversed, with those individuals with PTSD showing lower HCC. 19 The latter finding is in line with the results of the study by Steudte et al. 20 In a sample of individuals whose traumatic experiences dated back 5 years or more, decreased HCC was found in comparison to a non-traumatized control group. Taken together, the literature suggests that recently traumatized persons and persons living in insecure conditions suffer from relatively high HCC (relative hypercortisolism), whereas persons whose traumatic experiences occurred longer ago or persons with PTSD living in secure conditions display relatively low HCC (relative hypocortisolism). It has been proposed that such a change was a result of the counter-regulatory processes of the HPA axis and might also represent specific pathophysiological processes of neuroendocrine and immune changes following trauma and chronic stress. [21] [22] [23] However, more studies are needed to shed light on this issue. Moreover, so far, no study has investigated HCC in asylum seekers with and without PTSD.
When investigating the possible impact of traumatic events and diagnosis of PTSD on HCC in asylum seekers, it is important to control for the possible impact of stressful post-migration living difficulties. Therefore, healthy permanently settled immigrants are needed as a comparison group. They share the impact of postmigration living difficulties, such as language problems, ethnic discrimination or stress due to acculturation, 24 but do not suffer from insecure living conditions and recent traumatization. Moreover, healthy non-immigrant persons are needed as a second comparison group, providing an anchor level for HCC.
To the best of our knowledge, the current study is the first study to investigate HCC in asylum seekers and immigrants. It thus had two aims: first, to compare HCC, as a long-term marker for the endocrine stress response, of recently fled asylum seekers with PTSD to those without PTSD, and second, to compare HCC of asylum seekers to HCC of permanently settled immigrants and non-immigrant individuals. We hypothesized that recently fled asylum seekers with PTSD would show higher HCC than asylum seekers without PTSD, and that asylum seekers in general would show higher HCC than the two comparison groups.
MATERIALS AND METHODS
The study was approved by the local ethics committee, and all subjects provided written informed consent before participating in the study. The study was conducted in accordance with the Declaration of Helsinki.
Participants and procedure HCC accumulated over the previous 2 months was investigated in 24 asylum seekers without PTSD and 32 asylum seekers with PTSD in order to address the first study aim. Asylum seekers had been living in Germany for an average of 7 months (s.d. = 5, range: 1-24 months). We included both men and women in order to investigate samples that are as representative as possible for the whole group of asylum seekers. Moreover, studies in asylum seekers show that women are often more severely affected by traumatic experiences than men, and are thus an important group to investigate in this context. 15 For the second study aim, two male samples were recruited, that is, 24 healthy permanently settled Turkish immigrants and 28 healthy nonimmigrant Germans as the reference group (Table 1) . These two groups were compared to male asylum seekers only, because neurobiological responses to stress differ between men and women 25 and the menstrual cycle-related changes in women's hormonal state further influence cortisol secretion. 26 Therefore, we decided to control for those influences by only investigating men in the comparison groups.
Asylum seekers living in Hesse, Germany, were approached in their accommodation, and hair samples were collected (see sample collection section below). In addition, traumatic events and posttraumatic symptoms were assessed via self-report using the Posttraumatic Diagnostic Scale (PDS 27 ). The trauma scale of the PDS was extended by adding items from the Harvard Trauma Questionnaire asking about traumatic events often experienced by refugees. 28 All questions were provided in Farsi, Arabic, Kurdish or English according to the participants' choice, and trained translators for these languages were present in case of questions about to the linguistic meaning of the items. In addition, a member of the research team was always available in case of further questions regarding the content of a question or other questions associated with the study. 
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Thoroughly trained clinical psychologists, with the help of specifically trained translators, assessed the diagnosis of PTSD. To this end, the respective section of the Structured Clinical Interview for DSM-IV (SCID-I 29 ) was used and the translators translated everything said by the interviewer and the interviewee on a word-by-word basis during the interview. The translators were native speakers of the respective languages with very good verbal and written knowledge of the German language. They were also consulted in case of uncertainties about the classification of reported symptoms with regard to the cultural backgrounds and cultural norms.
All asylum seekers had experienced traumatic events such as torture, violence or sexual abuse. Twenty-five asylum seekers fulfilled the diagnostic criteria for PTSD (asylum seekers with PTSD) and 20 did not fulfill the criteria (asylum seekers without PTSD). A subset of 11 asylum seekers were not eligible for the SCID (for example, due to time constraints or feeling unwell). These asylum seekers were assigned to the 'with PTSD' or 'without PTSD' groups based on their summary score on the PDS symptom scale (all asylum seekers had experienced at least one traumatic event, thereby fulfilling the gate criterion for PTSD). Further analyses showed no significant differences with regard to age, body mass index (BMI), HCC, frequency of hair washes per week, and percentages of persons with curls or waves (all t-test or χ 2 -tests P40.05) in the group of asylum seekers diagnosed with PTSD based on the SCID (n = 25) in comparison to the persons categorized based on the PDS (n = 7). The percentage of women was descriptively higher in the PDS group (86%) than in the SCID group (48%; χ Permanently settled Turkish immigrants and non-immigrant Germans (men only) were approached through advertising in public places and in a local online journal, as well as through mailing lists of the local university, social networks (all documents were available in Turkish and German) or through personal contacts. Interested individuals underwent a thorough screening regarding the eligibility criteria. The Turkish immigrants themselves or at least one of their parents had to have been born in Turkey. The participants of the comparison groups were physically and mentally healthy.
Sample collection
Several thin hair strands were cut as closely as possible to the scalp from a posterior vertex position of the head. The first 2-cm segment closest to the scalp was used for hair cortisol analyses, which is thought to reflect the cumulative cortisol secretion of the past 2 months. 30 As the majority of our participants were males who tend to have shorter hair, we chose to investigate cortisol in 2 cm hair strands instead of the more common (but also stricter) criterion of a minimum hair length of 3 cm. Thereby, we were able to include as many participants of the groups of interest as possible and also minimize a possible selection bias.
Hair-washing and cortisol extraction procedures were based on the laboratory protocol by Stalder et al., 14 with minor modifications. In brief, hair samples were washed twice by shaking them for 3 min using 3 ml isopropanol. For cortisol extraction, 10 ± 0.5 mg of each sample were finely cut and incubated in 1.8 ml methanol for 18 h at room temperature. Then, 1.6 ml of the supernatant was evaporated at 50°C until samples were completely dried. Finally, the samples were resuspended with 150 μl HPLC gradient grade water (Fisher Scientific, Schwerte, Germany) and vortexed for 20 s. All samples were stored at − 20°C until assayed. For cortisol determination, 50 μl was used for analysis with a commercially available luminescence immunoassay (IBL, Hamburg, Germany). Inter-and intraassay coefficients of variation were below 10% for all assays. The analyses were carried out at our local laboratory (Clinical Biopsychology, University of Marburg).
Statistical analyses
For the first study aim, asylum seekers with PTSD were compared to those without PTSD using analysis of covariance (ANCOVA) controlling for sex, age and BMI. For the second study aim, group comparisons were conducted with ANCOVA controlling for age and BMI (only men were included in this analysis). For variables with significant results regarding HCC in the ANCOVA, Bonferroni-corrected pairwise comparisons were conducted post hoc. The Shapiro-Wilk test as well as inspections of the Q-Q plots confirmed normal distribution of residuals for our dependent variable. The Levene test showed variance homogeneity for the comparison of asylum seekers with PTSD to those without PTSD. Variance homogeneity was not fulfilled for the comparison of asylum seekers, immigrants and non-immigrants Germans. However, ANCOVAs are robust against such violations when the sample sizes are relatively equal, as is the case for the present study. Therefore, we used an ANCOVA for this analysis.
RESULTS
The comparison of asylum seekers with and without PTSD yielded no significant difference between the groups (F 1,51 = 1.07; P = 0.38). Therefore, male asylum seekers with and without PTSD were combined for the comparison with the two comparison groups. The simultaneous group comparison showed significant differences between the groups (F 2,75 = 3.56; P = 0.03). BMI was a significant control variable (P = 0.03). HCC was highest in asylum seekers (8.67 pg/mg; 42% increase compared to the nonimmigrant reference group; see Figure 1 ). In contrast, the permanently settled immigrants exhibited 23% lower HCC compared to the non-immigrant reference group. However, in the pairwise comparisons, only the difference between asylum seekers and permanently settled immigrants was significant (P = 0.03).
DISCUSSION
This is the first study to investigate HCC in asylum seekers with and without PTSD, and to compare it with that of permanently settled immigrants. Consistent with our hypothesis, we found relative hypercortisolism in recently fled asylum seekers. However, we found no difference between those with and without PTSD. Furthermore, we found relative hypocortisolism in permanently settled immigrants. Through the complex influences of cortisol secretion on different endpoints in physiological systems, such as the immune system or the cardiovascular system, both hyper-or hypocortisolism may set the stage for the development of stressrelated illnesses.
Our findings of relative hypercortisolism in recently fled asylum seekers add to and are in line with the very few studies investigating HCC in groups with recent or ongoing traumatization and insecure living conditions. 18 However, we found no difference in HCC between asylum seekers with and without PTSD. This might be explained by the insecure living conditions of the asylum seekers that participated in our study. In line with the findings of Heeren and colleagues, 31, 32 we assume that the legal status as a recently arrived asylum seeker in a fragile legal situation regarding the residency permit was associated with higher psychopathology in both groups with and without PTSD. This finding is in contrast to the results of Steudte et al. 18 in traumatized Ugandan individuals living in a camp for internally displaced persons. This discrepancy might be explained by differences in the investigated groups and their living conditions (internally displaced persons versus recently fled asylum seekers in a fragile legal situation; no posttraumatic symptoms in the control group of Steudte et al. 18 and the older sample investigated in the present study 33 ). Moreover, we found relative hypocortisolism in Turkish immigrants. It is conceivable that Turkish immigrants experience chronic stress due to acculturation and ethnic discrimination. 34 While many asylum seekers experienced chronic stress in their country of origin for many years as well, all asylum seekers experienced at least one traumatic event prior to or during their flight, irrespective of whether they fulfilled the other diagnostic criteria of PTSD or not. Therefore, the differences between asylum seekers and Turkish immigrants can be explained by traumatic experiences/traumatic stress that can alter cortisol expression in the long term together with the extremely stressful insecure living conditions discussed above. It has been proposed that chronic stress is marked by initial hypercortisolism, which later turns into hypocortisolism as a result of the counterregulatory processes of the HPA axis. 21, 22 For instance, hypocortisolism has been reported in healthy individuals who suffered from childhood trauma. 35, 36 However, altered HPA axis regulation most likely develops as an interaction of both a genetic disposition and stressful or traumatic events. It would be of great interest to determine the physiological underpinnings of our observations; it is conceivable, for example, that altered cortisol regulation may be explained by polymorphisms in FKBP5, which serves as a functional regulator of the glucocorticoid receptor (which in turn is instrumental in regulating negative feedback of the HPA axis). 37 In the current study, we were not able to determine genetic disposition, so future studies should complement peripheral measurements with molecular assessments. Despite this limitation, the presented results support the hypothesis that strong and more recent stress as well as living in insecure conditions can cause relative hypercortisolism, whereas chronic ongoing stress may ultimately result in hypocortisolism.
The determination of hair cortisol is a novel method that presents a biological correlate of the accumulated cortisol production during the last months. Possibly, HCC is sensitive to different stages of stress-related illnesses, with hyper-and hypocortisolism representing specific pathophysiological processes of neuroendocrine and immune changes following trauma and chronic stress. 23 Therefore, the determination of HCC might be helpful in selecting appropriate treatment strategies. Against this background, recently fled asylum seekers showing hypercortisolism would benefit from safe living conditions in the recipient countries. In this regard, it seems to be imperative to reduce acute stress due to insecure living conditions and post-migration living difficulties.
The current study has limitations. First, the sample sizes were relatively small, although they are comparable to or even larger than those of other studies on HCC in traumatized individuals. Asylum seekers are extremely difficult to recruit due to their insecure living conditions, their often rural and shielded accommodation, language difficulties and their-understandabledistrust of any formal organizations that may threaten their asylum process. Second, the study is also limited by the differences between the investigated groups regarding age and BMI, although we statistically controlled for these differences.
In addition, future studies should consider additional factors that possibly affect HCC. For instance, physical activity was found to be positively associated with HCC (for example, Ullmann et al. 8, 38 ). Third, the necessary but strict selection procedure for the comparison groups might have influenced the results. For instance, because of the exclusion of physically ill persons, stress or impairments associated with a physical illness could not be accounted for in the comparisons.
The presented findings illustrate the biological impact of traumatic events, the recent flight, and the stressful living conditions on asylum seekers and may inform appropriate treatment strategies. Future studies may take a closer look at the longitudinal course of the biological alterations.
